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WP4: Camera Test & Evaluation System

Requirements: self-monitoring system producing 3-4ns FWHM light pulses from 0.1pe to at
least 1000pe.

Solution: use an array of LEDs gives dynamic-range/linearity measurements, spectral response
could be tested with LEDs of different colours.

WP4.1: System Design (yr/qtr 1/1)

Determine optimum geometry of system wrt position on telescope structure. Selection of
necessary optical components (diffuser, filters, etc).

WP4.2: LED driver circuit development (yr/qtr 1/2-1/3)

Selection of LEDs and choose between candidate design types to produce fast, bright
pulses.

WP4.3: Control & Monitoring System and Enclosure (yr/qtr 1/4-2/1)

Integration into array control, interface to telescope structure, power and control
requirements. Selection of weather proof enclosure to IP66 or IP67 standard

WP4.4: Assembly & Testing (yr/qtr 2/1-2/2)

Lifecycle and environment testing. Ability to reproduce calibration information for PMTs
with well understood characteristics.

delivery to Leicester by end of month 16
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WP4 Schedule

Calibration system requirement document -
start:April 2012; end:July 2012; done: May 2012
Calibration system optical design -
start: April 2012; end: Aug 2012;
Calibration system mechanical and operational concept -
start: Jun 2012; end: Aug 2012;
Calibration system test plan -
start: Jul 2012; end: Oct 2012
LED driver circuit design -
start: Jul 2012; end: Dec 2012
Lab calibration system -
start: Nov 2012; end: May 2013
Lab calibration system test report -
start: May 2013; end: June 2013
Field calibration system design -
start: Nov 2012; end: Jul 2013
Field calibration system -
start: Jul 2013; end: Apr 2014
Field calibration system test report -
start: Apr 2014; end: May 20147
Field calibration system in-field test report -
end: ?
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Calibration system requirement document

Richard White » Maintenance Mode - Mozilla Firefox

Fle Edit WView History Bookmarks Tools Help

J.ﬂ}he discrete caorre... 3 HIE Buy Delay Line Cir... 3£ ” WSerial Peripheral I... 32 ”BEir.ian's Life: Pytho... 32 u-gilmpythcn Strings - G... 3£ ”Ij Richard White » M., 3¢ _-4}= b
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Richard White

is available on the wiki, but...

Maintenance Mode

Eichard White is currently undergoing scheduled maintenance.

Flease try back again soon.

Sorry for the inconvenience.

Maintenance Mode plugin by Software Guide. Log In
% Find: | sphere | 4 previous » Next - Highlight all | Match case
# %
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CHEC calibration system requirements
* The calibration system will produce a fast light pulse
* The calibration system will produce a well understood/uniform light pulse.
* The calibration system will produce a light pulse at a wavelength range close to the peak of the Cherenkov spectrum.
* The calibration system will produce a light pulse for flat-fielding the camera pixels.
* The calibration system will produce a light pulse for determining the adc/pe ratio of the pixel chain.
* The calibration system will produce a light pulse to determine the linearity of the system.
* The calibration system will trigger from camera commands.
* The calibration system will be capable of generating internal trigger signals (?)
* The calibration system will transmit housekeeping information to the camera.
* The calibration system will operate in specified operational modes: standalone, observation (ie the calibration system
will inject events into normal observing modes)
* The calibration system will operate in a temperature range of -10 to +30C
* The calibration system will be able to monitor the light level of flashes
* The calibration system will produce an output pulse at a fixed time with respect to the light flash

* The light pulse must have a dynamic range of 0.1 to 1000 pe at the pixel (within full range of operating conditions).
Impacts choice of light source, choice of diffuser, choice of filters, choice of location.

* The shape/uniformity of the light front up to 4 degrees off axis must deviate from known/model to <=5%
(CHECK). Impacts choice of diffuser, location of calibration box on telescope.

* The light pulse must have a maximum FWHM of 6ns, with a goal of 4ns.
Impacts choice of light source/choice of driver circuit.

* The light source must be in the wavelength range of 330nm->420nm.
Impacts choice of light source (and power supply to second order).

* The system must operate at rates up to 10kHz (CHECK).
Impacts choice of driver circuit & light source, Dependent on camera hardware & dacq.

* The system must operate from a <=24V power supply.

* The system should be able to be controlled via a serial link (protocol TBD).

* The system must provide monitoring information on output light pulse.

* The system must provide environmental conditions monitoring (temperature and perhaps humidity)

* The system must be solar UV resistant, dust tight and resist spraying water (see level A specs)
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WP4 Schedule

Calibration system requirement document -
start:April 2012; end:July 2012; done: May 2012
Calibration system optical design -
start: April 2012; end: Aug 2012; done: Sep 20127
Calibration system mechanical and operational concept -
start: Jun 2012; end: Aug 2012;
Calibration system test plan -
start: Jul 2012; end: Oct 2012;
LED driver circuit design -
start: Jul 2012; end: Dec 2012
Lab calibration system -
start: Nov 2012; end: May 2013
Lab calibration system test report -
start: May 2013; end: June 2013
Field calibration system design -
start: Nov 2012; end: Jul 2013
Field calibration system -
start: Jul 2013; end: Apr 2014
Field calibration system test report -
start: Apr 2014; end: May 20147
Field calibration system in-field test report -
end: ?
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Calibration system optical design
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WP4.1: System Design: Where to mount the light source? Reflect off secondary mirror.

The simulation shows that a numerical aperture of 025 liequivaler‘ut to an 'Fffz beam) =
recquried to fully illuminate the detector plane, The divergent 'Ff2 beam transforms into
roughly Ff"d after hitting the concave secondary mirror. The beam tilts with respect to the
optical axis is ?Za at the edge of the focal plane, hence the tilts are much smaller than

during cperation,

Work by J Schmoll in Zemax
2D Lsyout

a0/03a,s2012

A Heielfieg fetetorore o, B
Configuraticom 1

FigLIFE 1 T|‘|E' indirect illumination of the focal planmne by using a central portion of MZ



WP4.1: System Design: Where to mount the light source? Reflect off secondary mirror.

To work the secondary must be monolithic...
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Figure 2 Effect of missing ME caentre on detector plane illumination,

T-::p: La}rcut wiEw Bnttcm: |rr‘|agva simulation I:'q'Dl:lmm scale bar:l. MZ non-reflective central part
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Requirement: The uniformity/shape of the light front up to 4 degrees off axis must not deviate from
known/modelled by >5% (cHECK).
Impacts: Impacts cost - choice of diffuser; location of calibration box on telescope.
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Opal diffuser is inexpensive, but highly attenuating and not ideal in the UV.
Holographic diffuser can be up to 30x cost of opal diffuser & conceivably 7 cost of a €1000
calibration unit.

Fused silica light distribution is strongly peaked in the centre, making it difficult to integrate out.
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25 degrees, 1e7 photons
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diffuser angle diffuser ngle

= 120
250 — -
- 100 —
200 — C
- 80—
150 60—
100 — af—
50— 20—
= ] L | ] I .
0 ——5 % 20 =5 ] =5 o =t T LT 50 20 20 o 20 0 0 80
[ photons detected | [ photons detected |
1000 1000
= == 300
100 === = 800 100
= i ! ! = 800 800
50 : = I : ! 700 50 = = 700
: == 600 == 600
0 ! 500 o 500
=== ! 400 ! e e e e e 00
S — == = 100 -0 == 300
—= = : = = =
00— ; B — : 2 00 o
E ———— 200 100
- 0
100 5 1do ¢ -100 5 1do
[ photons detected | [ photons detected |
90000 (=~ 40000 {=—
80000 =— 35000 —
70000 E— 30000 =
60000 =— E
E 25000 —
50000 =— E
E 20000 —
40000 = E
30000 = 15000 =
20000 — 10000 =
10000 =— s000 =
0= =

Michael Daniel - WP4 - CTA-UK meeting Liverpool Sep 2012 14



diffuser angle

1000

800

600

400

i||||||||||||||||||||||
g
&
&
b 8

photons detected |

100

50

diffuser angle

«- 15 degrees, 1e8 photons single flasher
S g

[ photons detected

100

-100

[ photons detected |

200
800
nn

15 degrees,/1e7 photons per flasher, synchrd:r

100

-50

-100

)

=TTTTT

&

iIsed flash

!

A
Ely

normalised photons detected |

100

50

-50

-100

photons arriving
E—
100 —
so [T
— £
s0f—
-100 —
E—— N
EI] 50

normalised photons detected

[ photons detected

900

14

-



WP4 Schedule

Calibration system requirement document -
start:April 2012; end:July 2012; done: May 2012
Calibration system optical design -
start: April 2012; end: Aug 2012; done: Sep 20127
Calibration system mechanical and operational concept -
start: Jun 2012; end: Aug 2012; done: Sep 2012? tbd this meeting
Calibration system test plan -
start: Jul 2012; end: Oct 2012; done: Sep 20127 tbd this meeting
LED driver circuit design -
start: Jul 2012; end: Dec 2012 2™ iteration?
Lab calibration system -
start: Nov 2012; end: May 2013
Lab calibration system test report -
start: May 2013; end: June 2013
Field calibration system design -
start: Nov 2012; end: Jul 2013
Field calibration system -
start: Jul 2013; end: Apr 2014
Field calibration system test report -
start: Apr 2014; end: May 20147
Field calibration system in-field test report -
end: ?
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CHEC WP4.2: A number of LED driver and pulse shape circuits are under investigation.

Requirement: The light pulse must have a maximum FWHM of 6ns, with a goal of 4ns.
Impacts: choice of light source/choice of driver circuit.

Requirement: The system must operate at rates in the range of 1 to 1000Hz (CHECK).
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Ronchi et al. NIMA599 243 (2009).

A bipolar technique with op-amps for
high performance, stability and power.
Will provide very fast pulses, but at a
greater expense than simple transistor
circuits.

Impacts: choice of driver circuit & light source, Dependent on camera hardware & dacq.

D. Hanna et al. NIM A 612, 278 (2010).

A simple gate based on fast pulse
based on fast pulse generator, light
pulse width limited based on pulse
generator & LED afterglow.
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[cf Aye et al. Proc. 28" ICRC 5, 2975 (2003).]

A transistor based regenerative switch,
again get faster pulses, but requires
custom built circuit that may not be
easily reproducible in bulk.
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trying to keep it modular (e.g.

I separate pulse generator and
M smernan driver components to allow for
i easy change/upgrade
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Normalised PMT output

Mormalised PMT output
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to the anode

bipolar
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Extra slides
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regenerative switch

Table 1. Timing results—as measured.

Best—plot A Worst—plot D

Circuit Electrical  Optical Electrical  Optical
and curve  Time tfime (ns) fime (ns)  time (ns) time (ns)
bla) Rise 2.24 2.12 2.04 .91
and FWHM  3.45 3.81 3.56 [ 3.90
8(a) Fall 3.10 3.80 2.96 34,29
6(h) Rise 2.04 .75 2.07 [.83
and FWHM  3.28 3.27 3.22 8.73
8(b) Fall 2.37 2.23 2.05 9.62
6(c) Rise 2.07 .65 .99 .91
and FWHM  3.79 3.14 3.80 4.36
8(c) Fall .96 .87 [ .80 3.99
6(d) Rise 3.07 .85 3.01 2.00
and FWHM  3.69 3.02 3.67 6.23
8(d) Fall | .88 2.21 .81 5.97
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